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Geographic Information Systems
Their contribution to the IS mainstream
Peter B. Keenan,
Department of Management Information Systems,
Faculty of Commerce, University College Dublin,
Dublin 4, Ireland. Email : Peter.Keenan@ucd.ie
Abstract
Geographic Information Systems(GIS) have been a rapidly growing area of application
of information technology. However developments in GIS have had little impact on
Information Systems(IS) research generally. This paper explores the potential
contribution of developments in GIS to IS and identifies areas where further research is
needed.
Keywords : Geographic Information Systems, Decision Support Systems, Executive
Information Systems.

Geographic Information Systems
One area of information technology that has expanded enormously in recent years is
Geographic Information Systems (GIS). There are numerous definitions of GIS; for a
review of these see Maguire (1991), but the majority of these definitions describe a
system for storing and displaying spatially or geographically related data. GIS has its
origins in the fragmented use of computer technology in the 1960s for automated
cartography and address matching software. The growth of comprehensive GIS software
relied on technical developments in graphics and database techniques. By the 1980s a
number of different forms of commercial GIS software became available, including
widely used products such as ARC/INFO. GIS software was typically UNIX workstation
based and the large data volumes, complex processing and graphics required meant that
GIS utilised workstation technology to the full. At the end of the 1980s, PC based GIS
software become available, reflecting the increase in PC performance to levels previously
associated with workstations.
Today many different types of commercial GIS software are available and the technology
has achieved widespread use in its traditional areas of application, for example in forestry
and natural resource applications. The increasing use of GIS was both facilitated by, and
responsible for, the increasing volume of digital spatial data becoming available in
developed countries. A recent European Union review of GIS (IMO, 1995) identifies the
rapid growth of GIS, and cites estimates of the international GIS software market to be
approximately US$1,000 million in 1996. This growth in GIS use also reflects the
decreased cost of the required technology. This explosion in the use of computer
technology has been seen in other areas of information technology, where a virtuous
circle of declining hardware costs has lead to larger software sales and therefore reduced
software costs.

Incorporating spatial data in information systems
A direct result of the growth of GIS is the vastly increased amount of spatial data
available and the growth of specialist technology to manipulate this data. A large number
of users of information systems have areas of interest that could be enriched by spatial
data. Managers make use of decision support systems and executive information systems
for applications that have a spatial component. For example, the survey by Eom, Lee and
Kim (1993) identified marketing and routing as important areas of DSS application.
These fields were also identified as areas of GIS application by Maguire(1991). While the
growth of IS has already made an important contribution to the management of these
fields, it has generally not catered fully for the spatial component of decisions. However
the one dimensional view provided by non spatial systems does not release the full
potential of IT based support in these areas. The ability to handle appropriately both
spatial and non spatial data is needed to better support management in a range of
applications. However it has been observed that the extension of GIS techniques from
number crunching applications to management support applications has lagged about 10
to 15 years behind the introduction of these developments in the IS field. This reflects the
greater difficulty in handling spatial data and the greater need for powerful computers to
process such data.
Within the GIS field there is a growing interest in the use of GIS for decision support, a
growing proportion of papers at GIS conferences refer to Spatial Decision Support
Systems (SDSS). Therefore decision support represents an important sector of IS research
where GIS techniques are especially relevant. However, as yet, there is limited cross
fertilisation of ideas between GIS researchers and those working in DSS. The majority of
papers from GIS researchers that refer to SDSS do not cite the DSS literature. This trend
can be seen in the International Journal of Geographical Information Science, the premier
GIS journal (formerly International Journal of Geographical Information Systems).
Looking at citations from articles in this journal in 1996, using the Social Science
Citation Index, reveals a low rate of citation of IS related journals. Only about 2% of
citations refer to well known IS related journals, mainly the Communications of the ACM
and Decision Support Systems.
Some of the most recent DSS textbooks, by influential authors in the field, do not refer to
GIS or spatial applications, for example Holsapple and Whinston (1996). The present
situation is that many applications within the GIS research tradition do not fully benefit
from existing work in the IS area. In addition the use of spatial data in mainstream IS is
simplistic and falls short of the full possibilities. The research challenge for DSS
researchers is to identify the role that a synthesis of spatial data and processing
techniques can play in conjunction with modelling techniques drawn from the traditional
reference disciplines for DSS.
Therefore specialist DSS applications are increasingly recognised as areas of application
of GIS techniques. However, the widespread relevance of spatial data requires that
general management also be provided with information systems that assist in the

exploration of the geographic dimension of problems. Information systems must provide
access to the spatial component of data as well as more traditional data representations.
Table 1 : Spatial Data Handling in EIS
Type of Spatial Query

Example
listing customers from one
text display of attributes data
town who visit branch in
of spatial entities
another town
display of attribute data
associated with spatial
entities

thematic maps

text display of attribute data
listing characteristics of
for existing spatially related
neighbouring regions
entities

System Requirements
report generator with
traditional database
conventional database with
graphic interface
traditional interface
accessing spatially related
database

percentage market share for
interface spatial query tools
limited set of spatial queries population within given
accessing data warehouse
travel time from facility
real time modelling of
spatial information

exploration of alternative
locations for facilities

interface spatial query tools
connected to a spatially
organised database

Executive Information Systems (EIS) are used to provide easy access to large volumes, to
address problems of interest to general management in organisations. The emhasis in
such systems is on the use of a wide range of information by non specialists, in contrast
to the use of a more limited set of data for specialised functions which characterises DSS
use. A further characteristic of EIS is the incorporation of external data sources, many of
which are spatially related. These systems emphasise ease of use and therefore the usersystem interface is an extremely important component of the system (Watson, Rainer and
Koh, 1991). The importance of spatially related information means that an EIS needs to
facilitate spatial query and information retrieval as well as access to traditional forms of
data. A limited map display capability is a recognised feature of EIS type applications.
This use of map representation can reduce the information overload which might arise in
the use of an EIS (Murphy, 1996).
This need is increased by the growing importance of Executive Support System (ESS)
applications which incorporate some additional analysis tools. Existing EIS systems
development has sought to provide a convenient interface to the large volumes of data
made available by transaction processing and routine data collection. This requires that
spatial data be stored in a form where spatial relations can be maintained and that systems
have an interface where spatial queries can be generated.
However these features typically found in current EIS applications do not provide the full
ability of GIS techniques to facilitate the information needs of top level management.
Future EIS must build on the large volume of operational spatial data found in many

large organisations. For example many organisations that have large volume of spatial
data, such as utilities or transport companies, are also users of EIS and data warehousing
techniques. There is interest among commercial vendors in incorporating spatial data in
corporate database, as evidenced by the alliances between the GIS market leader ESRI
and organisations active in the database area such as IBM and Hewlett-Packard. However
this trend is also likely to see EIS products, with some ability to display maps, being
described as having GIS functionality, when in fact only the most limited subset of
capabilities are actually included. A wide range of systems may allow the display of
spatial data but many of these lack the ability to generate flexible spatial queries.
However, as yet, there appears to be little input from academic researchers on this topic.
Important research questions exist. How can organisations make use of the large volumes
of their operational GIS data as they already use large volumes of data drawn from the
traditional sources, for instance the billing process? How can spatial relationships in data
be preserved for use by management through systems like EIS? Further research is
needed to establish whether spatial data should be reorganised to facilitate data
extraction, as happens at present for other types of data with data warehousing. Is a
distributed model appropriate for dealing with spatial data and what spatial processing
functionality is required for each of the components.
While certain researchers are beginning to address these questions, for example
Spencer(1996), the problems of dealing with spatial data have not received much
attention in mainstream IS research. Obvious research opportunities exist for additional
research to explore the possibilities of integrating spatial data in the various types of
information system.
Contributions of GIS to information representation
The growth of IS has seen new information representation paradigms come into
existence. As technology has advanced, users' ability to work with information has been
enhanced by innovations such as graphical user interfaces. Even relatively simple
concepts such as the representation of multiple spreadsheet tables as tabbed worksheets
or the use of hypertext have greatly enhanced the manipulation of information. With the
rapid pace of change of technology new representations become feasible and suitable
references need to be found to assist in the design of new information representation
paradigms.
The distinguishing feature of spatial data is its multidimensional character, for example a
great deal of work has taken place using GIS based systems for elevation data. Within
fields such as cartography a great deal of effort has been made to allow complex
information sources be adequately represented on relatively limited output devices, both
paper and computer based. This body of work is of interest is obviously of interest in the
direct case where spatial data needs to be integrated with other information sources.
However the richness of spatial data representation also provides pointers to the
development of information systems unrelated to geographic data. The techniques used in

GIS to represent three dimensional space might be used to allow the exploration of other
forms of multi-dimensional data.
For example a significant amount of work has taken place in the GIS community on
temporal GIS, where not only the multiple dimensions of spatial data must be modelled
but also the passage of time. This work provides a suitable reference point for the
designers of other systems seeking to include time as an additional component of their
information representation. Furthermore the demanding nature of the large volume of
spatial data typically handled by GIS means that system designers are fully exploiting
new developments in computer science and information technology. The exploitation of
these developments by GIS designers points the way towards possible approaches for
other information system designers.

Conclusion
GIS developments have exploited changes in technology to provide many useful decision
making tools and information representations. This development of GIS based decision
support applications parallels previous developments in IS, where existing management
oriented applications make use of more straightforward non spatial data. The IS
community must make use of GIS developments to enhance existing systems to allow the
can incorporation of spatial data. This process will bring the use of spatial data from
those who always use such data (the present GIS users) to all of those who could use this
data.
Therefore substantial benefits to IS users can result from the provision of the facility to
manipulate this richer set of information relationships. This would not only allow the
modelling of spatial relationships but also other multi-dimensional data relationships.
Therefore by using information representation concepts originating in GIS, an impact
may also be made on systems which do not directly use spatial data.
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